Objective: This study aimed to determine whether a relationship exists between gingival stimulation and the levels of leptin, ghrelin, insulin and glucose, which are important regulators of energy homeostasis.
Introduction Sakata et al. showed that the mastication-induced activation of histamine neurons suppressed physiological food intake through the H1-receptor in the hypothalamic paraventricular nucleus and the ventromedial hypothalamus in rats [4] . Oral proprioceptive signals received at the mesencephalic trigeminal sensory nucleus (Me5) could modulate the hypothalamic histamine neurons through the ascending pathway from Me5 to the posterior hypothalamus [5] . Moreover, histamine neurons were found to be concordant with the leptin signalling system through a negative feedback loop. Leptin infusion elevated the turnover rate of neuronal histamine in the hypothalamus. Similar to mastication, whether gingival stimulation can affect the histaminergic neuron system should be elucidated.
The dental pulp and gingiva are highly vascularised connective tissues. Studies have shown that these tissues are active in terms of ghrelin and leptin production and are also a target of these hormones [6] [7] [8] [9] [10] .
This study aimed to investigate the possible effects of tooth brushing on appetite hormones. The investigated hormones and glucose are known to be affected by fasting and eating, but the effect of gingival stimulation in the form of tooth brushing is unknown. If such an effect exists, then its onset and duration should be determined. This work was a physiological study, and we attempted to simulate a normal lifestyle in subjects during the study period. For this reason, the hormones were evaluated before and after tooth brushing and meals. Breakfast in this study contained approximately 430 Kcal (56% carbohydrates, 17% protein and 27% fat). This study specifically investigated the possible role of tooth brushing as an initial part of energy regulation. This work is the first so far to evaluate leptin, ghrelin, insulin and glucose levels in relation to tooth brushing.
The study included 15 male volunteers (mean age: 25.5±2.3 years; age range: 23-31), who were final-year medical students or research assistants at the Faculty of Medicine, Ondokuz Mayis University. The participants did not have any systemic diseases, experience recent weight loss, participate in any dieting behaviour, smoke, or receive periodontal treatment in the previous six months. As sex hormones may affect the leptin levels, the participants were chosen to be all male [11] . Moreover, to form a homogeneous group in terms of insulin sensitivity, the participants with similar lifestyles, who were either medical students or research assistants at the Faculty of Medicine, were recruited. The study protocol was approved by the local ethics committee of Ondokuz Mayis University. All subjects signed an informed written consent prior to participation.
Protocol

Materials and Methods
The long-term exposure of the gingiva to microbial dental plaque may cause gingival inflammation [12] . The lack of tooth brushing, which is known to accelerate plague formation and inflammation, could interfere with the study. Thus, the participants brushed their teeth regularly before the study. They were only allowed not to brush their teeth for one day at the beginning of the study. Blood samples were taken from the subjects who did not brush their teeth for one day, after a 12 h-long overnight fasting and before standard breakfast (0 min) and thereafter at 30, 60, 120 and 180 min after breakfast.
To simulate a normal life condition, the subjects were allowed to brush their teeth after the following dinner and breakfast. After tooth brushing following dinner and a 12 h-long overnight fasting, blood samples were taken again before standard breakfast (0 min) and then after at 30, 60, 120 and 180 min following tooth brushing without toothpaste. Ghrelin, leptin, glucose and insulin levels were measured from the blood samples. The study scheme is illustrated in detail in Figure 1 . Figure 1 : Leptin, ghrelin, insulin and glucose levels were evaluated before and after both tooth brushing and meals to simulate a normal lifestyle among the subjects during the study period
Participants
The estimate of insulin resistance by the homeostasis model assessment (HOMA) score was calculated with the following formula: fasting serum insulin (µU/ml) × fasting serum glucose (mmol/L)/22.5) [13] . Leptin, ghrelin, glucose and insulin levels were expressed as the area under the curve (AUC) estimated by the trapezoidal rule. Each subject served as his own control for the effect of tooth brushing on serum hormones.
Blood sampling and processing
Venous blood samples were drawn into plain vacutainers and kept at room temperature until clotting. Serum samples were separated by centrifugation at 3000x g for 10 min and stored at -80 o C until assay. Serum leptin and total ghrelin levels were measured by commercial ELISA kits (DIAsource Leptin-EASIA Kit, Belgium and RayBio Human/Mouse/Rat Ghrelin Enzyme Immunoassay Kit, Germany). The precision performance of ELISA kits was evaluated with low and high levels of the control material included. Fasting blood glucose and insulin levels were measured on a Cobas 8000 modular analyser (Roche Diagnostics, Indianapolis, USA) by dedicated reagents.
Data were analysed by SPSS 15.0 software. Normality test was performed for continuous variables and parametric (paired-t test and Pearson correlation analysis) and nonparametric tests (Wilcoxon signed rank test, Friedman analysis of variance and Bonferroni adjusted Wilcoxon signed rank test) were used to evaluate the data according to whether they were distributed normally or not. A value of p < 0.05 was accepted as statistically significant for the paired-t test, Wilcoxon signed rank test and Friedman analysis of variance, and a value of p < 0.01 was considered statistically significant for the Bonferroni-adjusted Wilcoxon signed rank test. Data distributed normally were presented as the mean ± SD, whereas those that were not distributed normally were presented as the median (minimum-maximum).
The mean body mass index (BMI) of the participants was 24.4±2.79 kg/m 2 (range: 19-29). A significant reduction was found in the leptin levels measured at 0 (p=0.01), 30 (p=0.002), 60 (p=0.001), 120 (p=0.004) and 180 (p=0.001) min after tooth brushing (Figure 2) . The ghrelin levels also declined at these time points, which were significant at 0 (p=0.032), 30 (p=0.009) and 120 min (p=0.011) (Figure 3) . Similarly, both the AUC leptin (p=0.001) and AUC ghrelin (p=0.006) levels were lower in the post-brushing period than in the pre-brushing period (Table 1) . Despite the reduced insulin levels at 120 (p=0.027) and 180 (p=0.016) min after tooth brushing (Figure 4 ), no significant change was observed in the glucose levels (p>0.05) ( Figure 5 ). Although the AUC insulin levels declined in the post-brushing period, these differences were statistically insignificant (p=0.053). Moreover, the AUC glucose levels did not change between the pre and post-brushing periods (p=0.828) ( Table 1 ). The HOMA scores did not differ between prebrushing (0.87±0.73) and post-brushing (1.35±1.40) periods (p=0.281).
Statistical analysis
Results
Figure 2: Mean (± SD) leptin levels in the pre-brushing and post-brushing periods. A significant reduction was found in the leptin levels in the post-brushing period for all time points measured at 0 (p=0,001), 30 (p=0,002), 60 (p=0,001), 120 (p=0,004) and 180 (p=0,001) min 
Discussion
We found that gingival stimulation in the form of tooth brushing decreases the leptin, ghrelin and, partly, insulin levels in nonobese healthy adults males. The mechanism for these alterations is not clear.
Gingival tissues have been shown to produce both ghrelin [6] and leptin [7] , and both plasma levels increased [8, 9] in patients with chronic periodontitis. Gingival tissues also express leptin receptor as well as ghrelin mRNA and growth hormone secretagogue
The decrease in the ghrelin and leptin levels at 0 min after the pre-brushing period could also be caused by tooth brushing 12 h ago, as the 0 min values represent those before breakfast and tooth brushing. This finding is suggestive of the prolonged effect of tooth brushing. Another noteworthy result is about the insulin levels, which decreased following brushing at 120 and 180 min. Further blood samples after these time points showed the prolonged effect of tooth brushing on insulin secretion. Nevertheless, based on these findings, the prolonged effect of tooth brushing on ghrelin and leptin secretion was greater than that on insulin secretion. Despite the reduced insulin levels at 120 and 180 min after tooth brushing, no significant changes were observed in both glucose level and HOMA scores. However, the prolonged effects of tooth brushing on these hormones should be investigated by hormone profiles for at least 24 h.
Conclusion
These hormones were evaluated before and after both tooth brushing and standard breakfast. Thus, we aimed to obtain the complex real effects of tooth brushing by simulating normal life conditions in this study. In an additional experiment, the effect of tooth brushing in the absence of calorie intake will emerge more precisely.
(GHS) receptors [6, 10] . As demonstrated in this study, gingival stimulation leads to hormonal alterations, and it offers a new avenue for the investigation of the active participation of this tissue.
Ghrelin stimulates hunger, leptin promotes satiety, and both affect the insulin and glucose responses [14, 15] . The implication of decreased leptin, ghrelin and insulin following tooth brushing in appetite control is not clear. Adiposity signals, such as insulin and leptin, are involved in long-term energy homeostasis, and ghrelin, which is a gut hormone, is implicated in the short-term regulation of meal ingestion [16] . Therefore, the effect of hormone level alterations on the energy homeostasis observed in this study is unusual.
Numerous studies have investigated the association of tooth brushing frequency with the risk of metabolic syndrome (MS). Regular tooth brushing has been shown to be associated with the decreased risk of type 2 diabetes mellitus, hypertension, dyslipidaemia and obesity, which are components of MS [17, 18] . A low frequency of tooth brushing increases the incidence of periodontal disease [19] . Similar results were found on the association between periodontal diseases and MS [20] [21] [22] . However, the causality between them remains controversial.
One of the potential links between periodontal disease and MS is oxidative stress [23] . Oxidative stress, as a consequence of MS and/or periodontal disease, leads to inflammation and insulin resistance. The direction of the relationship between MS and periodontal disease cannot be determined currently because the majority of studies on this topic are cross-sectional [21] . The present study provides both a specific mechanism and a direction for this association. The evidence of reduced insulin levels after tooth brushing suggests the role of insulin sensitivity in the development of MS associated with the low frequency of tooth brushing. The finding of decreased leptin and ghrelin levels in parallel with the insulin level implicates the appetite hormones in this mechanism for the first time. Moreover, this study establishes evidence on the acute hormonal effect of tooth brushing.
The participants of this study were males and were either medical students or research assistants at the Faculty of Medicine. Their age and BMI were close to each other, and their lifestyles were similar. Despite the limited number of the subjects, the homogeneity of this group makes the results of this study robust.
